Adipocyte insulin resistance: effects of aging, obesity, exercise, and food restriction.
This study examined the effects of aging, exercise training, and food restriction on epididymal fat cell size and resistance to insulin in rats. The exercise group was given access to voluntary running wheels at age 6 mo. The rats were studied at ages 12 and 28 mo. Sedentary free-eating (SFE) rats were obese and their fat cells were extremely insulin resistant, showing minimal increases in glucose oxidation and 2-deoxy-D-glucose (2-DOG) uptake in response to high insulin concentrations. The runners' adipocytes were smaller and had a greater responsiveness to insulin (approximately 9-fold for 2-DOG uptake and approximately 30-fold for glucose oxidation) than those of the SFE rats. Sedentary rats that were food restricted to keep their body weights the same as those of the runners had fat cells that were intermediate both in size and insulin responsiveness relative to those of the SFE rats and runners. There was a close correlation between fat cell size and responsiveness to insulin of 2-DOG uptake and glucose oxidation independent of age. There were no significant differences in fat cell size, insulin sensitivity, or insulin responsiveness between the adult (12 mo) and old (28 mo) rats in the same treatment groups. We conclude that aging alone has little or no effect on the responsiveness to insulin of glucose metabolism in fat cells and that the insulin resistance of adipocytes from obese older rats is due to fat cell hypertrophy, not aging. Exercise is effective in protecting against development of fat cell hypertrophy and insulin resistance.